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 In this paper, an alternative improvement is proposed which is the adaptive 
wireless access networks-based optical backhaul convergence that will 
greatly promote to use the existing resource of MANET (mobile ad hoc 
network). However, these characteristics itself acts as a drawback to the 
MANET applications such as the random distribution of nodes and 
continuously changing topology. MiNiTab statistical software was used to 
model the effect of the parameter variation to predict the field quality 
through the design of experiments while OMNeT++ network simulation was 
created to visualize the effect of QoS performance study in response with 
varying speed scenario. The result shows that the proposed ESCMDR 
scheme can obtain robustness and outperformed compared to the non-
Taguchi previous study when it is used in random waypoint mobility model 
in any speed of sources. The work is based on Packet Delivery Ratio (PDR) 
and Packet Loss Probability (PLP) metric under the varying speed scenario. 
It results in better QoS network PDR of 28.9% improvement, with 83.56% 
improvement on average PLP. The paper shows that the MANET QoS 
performance constrained can be addressed with the self-configured data rate 
of integrated optimization with Taguchi method on AODV-UU (Adhoc On 
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1. INTRODUCTION  
The mobility of wireless nodes in MANET can be regarded as time-variant at all time which varies 
dynamically within the network [1-3]. Hence, the identified link failure and QoS are considered as an open 
challenge in the field of MANETs. MANET consists of mobile peers where information is transferred could 
be used for multiple networking technologies such as the IEEE 802.11 or Zigbee in a multi-hop fashion to 
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different network topologies and scenarios [4-6]. This could have called for robust adaptive in the design of 
protocols to the adhered multi-scenario phenomenon in MANET. This brings to realization of better 
performance of resource-efficient and reliable wireless mobile networks [7, 8] in an unpredictable network 
condition. From the green integrated design process standpoint, the work here performs to better and 
enhanced access network condition in the hope of sustaining and improving their network performance  
[9, 10]. Based on this criteria, the author in [11] introduced the QoS framework for Wireless Ad hoc 
Networks. This framework can dynamically adapt the flows with a suitable forwarding path between the 
sender and the targeted destination when reacting to observed changes based on user-supplied adaptation 
policy. In a more similar study such as [12, 13], it is believed that they had measured the MANET behavior 
by having a testbed in Android terminals connected to a management server to perform real time 
performance, considering the different performance metrics. It is for monitoring the network topology and 
packet flow of the transmission and reception. However, they did not use any Design of Experiment (DoE) 
method although they did propose a benchmark for users with the unique virtual experiment which would 
help them to capture the network condition information. It also did not emphasize over the interaction 
between parameters as well as the effect on the network process performance characteristic in MANET. 
There are other works in past studies closely related to the work’s studies. By using the Taguchi approach, 
the researcher investigates the Dynamic Source Routing (DSR) performance with regard to MANET 
conditions [14, 15]. Nevertheless, DSR routing is not resource-efficient in terms of alleviating the network 
lifetime, where it consumes time and energy to process any control data it received [16, 17]. Even if it is not 
the intended recipient for integrated green design process, this routing is probably the most widely accepted 
strategy in most of the research efforts, which currently is not viable in the respective design. Hence, an 
extended network integrated scheme of FiWi (Fiber-Wireless) based on ESCMDR approach is proposed by 
considering the Taguchi optimization AODV-UU routing in MANET via the IEEE 802.11g Distributed 
Coordination Function (DCF) mode [18, 19]. The paper is organized as follows:  the next part describes the 
proposed method, while section 3 presents the results and their discussion and the last section would be to 
conclude this work. 
 
 
2. RESEARCH METHOD  
In this section, the two main steps that involved in this research are outlined accordingly. Section A 
will highlight the simulation planning enabled by cross layer design for integrated MAC (medium access 
control)/routing solutions while section B gives an overview of the proposed algorithm of Taguchi-based 
DoE to increase the efficiency exploitation of the available resources. Both sections are towards the FiWi-
MANET conceptual scheme. 
 
2.1.  OMNET++ modules implementation for DOE simulation planning 
The developed modules and their capabilities will be briefly discussed in this section, without many 
technical or coding details. The following subsections are organized from access network to aggregation 
network. The Access Point (AP) entity in Figure 1 represents the mobile user terminals in the system. Using 
this node with MANET routing module in order to set the AODV-UU routing procedures, which then 
enables the internet gateway support for data packets. They are routed through it over the hybrid PON in ad 
hoc manner to the destination node of the packets, where in this work, it represents the infrastructure of the 
backhaul Internet server. The Network Layers module models the network and lower layers. The Network 
Interface module simulates the actual network interfaces condition to include energy model and routing.  
This is done in the Routing Table module.  
The ONU module in Figure 1 was also implemented in the simulator in the same trend as the OLT 
(optical line terminal) module. The most important modules designed are in the Hybrid PON/ONU (optical 
network unit) optical interface. In this case, the model is made more selfconfigurable to the channels, which is 
based on a simple ranging protocol in the ONU discovery. The idea behind it is the ONU interface must be on a 
specific time and for a specific period of time. They operate as a layer 2 switches that have gates to connect to 
the physical layer and to connect to the upper layer (relay units in switches). When a frame is received from the 
higher layers, it is the EtherFrame with mobile station module that acts as hosts. While for the inner part of the 
OLT entity of Figure 1 includes three sub-layers, each one providing different functionality. The first sub-layer 
is the wdm where these interfaces are associated with physical devices, implemented in WdmPhy class. It can 
be subclassed as WdmInputPhy and WdmOutputPhy that can be referred as modeling physical reception and 
transmission interfaces respectively. Followed by the second sub-layer, is the scheduler where it uses grants for 
downstream traffic as well as upstream traffic. The scheduler also schedules time framing of downstream 
Ethernet frames in the Virtual Output Queueing (VOQs) status at the time of the arrival of the report message. 
                ISSN: 2502-4752 
Indonesian J Elec Eng & Comp Sci, Vol. 19, No. 2, August 2020 :  870 - 878 
872 
VOQ is used to separate and protect memory spaces among traffic flows. The third sub-layer is the relay unit 
where it switches frames among Ethernet source.  
In this section also, an integrated framework design called the hybrid FiWi-MANET network was proposed 
based on the combination of optical, wireless and self-configured route segmentation for the extended 
proposed algorithm for intended work. It is a bi-direction communication system network with downstream 
(from OLT to ONU) and upstream (from mobile user to gateway/ONU) packet flows. They are coupled with 
the resource utilization distributed approach of optimized multiple data rate link adaptation with self-
configured capability. In this paper, since this is a DoE simulation work, a total of 8 experiments are 
performed using the OMNeT++ simulation tools. A value of 3 for the Random Network Generator is used in 
this work to reasonably predict better instead of using only a single random chance to obtain accurate and the 
best parameters value for optimizing the tested variables. All the simulation scenario under this work was run 
for 250 seconds and the run time intervals was set to 50 simulated seconds’ intervals in order to obtain steady 
output under dynamic network. Based on Table 1, it is targeted for an 8km x 6km area of simulation while 
the test run recommended to be done for medium-sized mall or school based on 2 ONUs as described in  





Figure 1. End-to-end traffic in hybrid FiWi-MANET framework architecture 
 
 
Table 1. Fiber-Wireless-MANET common routing process parameter  
Parameter Values 
Fiber type Single mode fiber 
Reach (OLT-ONT) 20 km 
Number of OLT 1 
Number of ONU 2 
Number of nodes 20 to 500 
Simulation Area Max 8 km x 6 km 
Traffic type UDP 
Routing layer AODV-UU 
MAC layer IEEE802.11g with DCF 
Carrier frequency 2.4 GHz 
Data rate 6 Mbps, 24 Mbps, 54 Mbps 
Message length (Packet size) 512 byte, 1024 byte 
Random number generator (RNG) 3 
 
 
2.2. Proposed algorithm 
This research is about the performance enhancements by parameterized approach to AODV-UU 
protocol of MANET and further connecting it with optical network for reliable transmission. From the study, 
there are a potential set of performance factors affecting the protocol capability to cope with the current 
network. Hence, Taguchi DoE was used to optimize the influence of the factors on the particular network 
performances [22]. Figure 2 presents the application of Taguchi method for optimal process setting of the 
simulated access network. Phase 1 and Phase 2 were the main key steps in order to look out the primarily 
process goal which is to establish a robust resource efficient QoS access network performance. By keeping 
the process goal relevant, it can ensure the existing objective setting to be selected for optimization that 
minimize the effects of the routing process variation. To achieve the robust and optimal conditions, there are 
a number of identified process parameters settings for tuning to be regarded as control factors such as the 
procedure of wait_on_reboot, checkNextHop, etc. These are illustrated also in Table 2. 
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 Figure 2. Systematic optimization processes in framework architecture 
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Table 2. The optimal factors setting with respect to its value setting for  
orthogonal array design of Taguchi optimization 
Factors Level 1 Level 2 Level 3 Level 4 Level 5 :Level 6  Level 7 Level 8 
Rate limit (ms) 1 (-) 1 (-) 1 (-) 1 (-) 10 (+) 10 (+) 10 (+) 10 (+) 
Wait_on_reboot ms) 1 (-) 1 (-) 5 (+) 5 (+) 1 (-) 1 (-) 5 (+) 5 (+) 
Feedback (True/False) 1 (+) 1 (+) 0 (-) 0 (-) 0 (-) 0 (-) 1 (+) 1 (+) 
Receive_n_hell os (ms) 5 (+) 1 (-) 1 (-) 5 (+) 1 (-) 5 (+) 1 (-) 5 (+) 
Optimized_hell os (True/False) 1 (+) 0 (-) 1 (+)  0 (-) 0 (-) 1 (+) 0 (-) 1 (+) 
checkNextHop (True/False) 1 (+) 0 (-) 0 (-) 1 (+) 1 (+) 0 (-) 0 (-) 1 (+) 
 
 
From Table 2, it shows that the factors involved has a high (+) and low (-) level where each factor 
has two different levels and it can be seen as the proper array known as L8 (27). It is due to its factor levels 
which are weighted equally across the entire design [23]. The optimal key factors are obtained from the 
parameter screening of Phase 3 in Figure 2, which are indicated by two types of Taguchi SN ratio 
performance characteristics, namely, “smaller-is-better” and “larger-is-better”. Hence, the respective goal of 
the study is to increase the PDR and PLP performance criteria based on the optimal key factors found here. 
The key factors above are chosen using the engineering judgment such as the factor of wait_on_reboot can 
prevent a routing loop, which can cause unnecessary resource consumption such as packet loss probability 
[24]. Other than that, and in most cases of concerning mobile wireless users, they may experience 
undeliverable data packets and resource wastage due to redundancy transmission and dynamic transmission 




3. RESULTS AND ANALYSIS  
In this section describes the simulation results and comparison between the proposed integrated 
MANET with green self-configure algorithm called the intelligence Last mile mobile hybrid optical wireless 
access network (inLMMHOWAN) and conventional MANET network which named as oRiG. To obtain the 
required result and analysis, the following metrics are used: 
PLP [25, 26]: Packet delivery ratios also known as the probability of end-to-end delivery. The 
metric is considered as the node’s estimate of the packet loss probability along the path between the node and 
the destination. The formula of packet loss probability along a link or path is defined as below: 
 
1 minus the packet delivery probability along the corresponding link or path  (1) 
 
where packet delivery probability = Σ No of packets delivered / Σ No of packets send or created 
Packet Delivery Ratio (PDR) [27]: The performance of throughput is measured through the PDR 
performance. This performance metric is used to determine the efficiency and accuracy of this framework 
paradigm. It is the ratio of the data packets received at the destinations to those generated by the sources. 
Higher packet delivery fraction indicates the better efficiency of the proposed improvement of optimization. 
 
Packet delivery ratio = Σ Number of packet received / Σ Number of packet send/created  (2) 
 
In this section, 2 sets of parameter are presented which then are optimized in the form of output 
graph to be analyzed as follows:-. 
 
3.1.  Packet delivery ratio (PDR) 
PDR is an important performance evaluation parameter for routing protocol to support network 
throughput. As referred to Figure 3, the increase of the node mobility speed causes the link break due to a 
collision during packet transmission which affects the reliability thus decreases the PDR values for mobile 
network performance of wireless domain. Every time a link is broken, a route error packet is generated and the 
varying mobility speeds of the mobile nodes influences the dependability of some route error packets. The route 
error packets, which are increasing and substantially transmitted at higher speeds, also cause data losses which 
are highly and likely to happen. To avoid that from happening, all transmission in the route discovery phase of 
the proposed scheme adopts the multiple routes based on multi-data rates, This to ensure that it is compliant 
with the optimum traffic profile despite the different speeds for quantifying the performance degradation in 
MANET, as well as to build a QoS route for packet forwarding in the source. Indirectly, routing loop can also 
be avoided which can consume more energy by the checkNextHop control factor that can subsequently increase 
the packet forwarding to the destination. This effect can promote the energy efficient consumption in this case. 
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Figure 3. Performance of PDR for scenario A; oRiG and inLMMHOWAN multiparameter AODVUU routing 
before and after with self-configured mechanism based on taguchi optimization 
 
 
3.2.  Packet loss probability (PLP) 
The network assessment continues with the packet loss probability as shown in Figure 4.  
This condition can be explained where the intermediate nodes are changing rapidly due to the increase of 
inherent factor user mobility rate. However, these results present the significant capacity improvements 
across all variation (low to high) of mobility usage scenarios subjected to minimize packet loss improvement; 
in this case, especially under low mobility, it can achieve about 83.56% average improvement at speed of 
5mps compared to the oRiG parameter setting. This could be explained by good routing variables that can 
acquire paths with improved PLP in a multi-data rate wireless MANET compared to any routing variables in 
a single-rate wireless MANET. For example, by selecting the rate limit routing variable, it would place a 
limitation on the broadcast control messages such as route error messages (RERR) or HELLO message 
flooding in the network. Hence, the probability of choosing the stale route which may contribute to less 





Figure 4. Performance of PLP for scenario A oRiG and inLMMHOWAN multiparameter AODVUU 
routing before and after with self-configure mechanism based on taguchi optimization 
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4. CONCLUSION 
The technologies that have been covered in this work are the major players as the last mile 
alternative given to the scenario of rapid growth in the field of mobile Internet access and mobile devices. 
Henceforth, in this article, by using the AODV-UU approach with appropriate parameters, it can reduce 
variation while provide increased performance in QoS efficiency. The choice of the optimum design 
parameters is based on the objective of performance study such as reducing the PLP or increasing the PDR 
criteria. Secondly, the work applies the self-configured of the multiple source data-rate through cross layer 
scheme from MAC layer to network layer to achieve the better QoS quality during the initial packet follow. 
The performance result of this proposed work is better QoS of resource consumption through information 
exchange across different layers, as well as its capability to combine functionality from different domains 
into one single functional entity. In conclusion, the proposed ESCMDR scheme under inLMMHOWAN 
framework of routing improvement work when compared to previous study of oRiq scheme achieved the 
average improvement of 28.9% in PDR and 83.56% in PLP respectively under the scenario of varying 
mobility nodes speed. For the future work, the work can have link layer improvement with IEEE 802.11n 
DCF MAC enhancement based on multi-antenna scheme (Multiple Input Multiple Output). It also can go 
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